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MmER A (¥ 10kg) (cPentobarbital (25
mg/kg) EEIRMICES L TREEREE B, K
BRIZKEF = — 7 EHBARBTE LA LRI ICE
% L7-. Gallamine triethiodide (2 mg/kg) % &
BRI G UFthag & 17 - 7o 0 LREIER & L.
KT KBERICH T —FTVEHEAL, EOMNS
VAT a—H— R L CEMEZRIE L. &
LIZEEMOFEDIcHIT, KEE#EIRICH T —F
WERRBA LKL, EA#EETERE Y BT RENR
HIZhTF—F A EFALL. RBERETRIC,
BT =T VERIIE L L T KBIRICH 50 25
LI, ZOhT =T NVIZBIIRIE ORI D 12D
AW, otk £8METARlL, O
BT 2FERE IR B0 T KEBIRERIC &t
HHIMEAET OO L— FEEEL, KMk
MicEH Lo bR L. 528 3 hHE Tk
g L Colored Microsphere ##5 % 579z,
ELBERIEH T =TV EHRABBE L., £/, &
BIMfET D 7 e — 7% BT KBIIRICESHE L.
Polyethylene Colored Microsphere (& E-Z
TRAC # (Los Angeles, California) 75 AF L
7o, ERiCEK, H, & B, HEOSEE®
Colored Microsphere TH#H i L &. Z O
Microsphere ®» k% X% 12+1.1um TH%. A
F L7 Microsphere (1 %DKDEGHAIET A
v Y= VTEBREINTEY, 14702 2X
18/ml #&ATVD. ZOBEMBEBFOD
Microsphere D&% X Y IEFEICHIIET 701,
RATNVAFEHMBKGTEBE CHIAE L.
Microsphere D5 Eiz >\ CTIXHAHE % < D
Microsphere A5 ShhiFS s id LRIERZE
i3/ h& e 5—7, Z» Colored Microsphere
DElTH Db EFES MEE 2. EcE
£ Microsphere #{# 2 13HEE X s —74,
KEME CHOEZREETAEMELDHY, BRE
LChigsmai s TrmREdthsd. £, BN
Pl hiEd i E# v iR LT Microsphere
ERETHZLDARETH DY, BExdl{T5
&R BN L7- Microsphere DD 37
RENKELEERET S, COETET AR
EZE L7 L T5fED Microsphere Z{#H L7
SRIDERTiF, A7 s bBRIT 5 FHE&KHE

BEEE2MAE lkg HV30X10¢E
Microsphere & L %. *h £ h o B0
Microsphere #&te/ A 7 A& 1 FEIRALT v 7
ZTCRML, KE 1kg 240 H30X104E (FE#
5% :Em) ® Microsphere # 7°5 A F v 7 K
Iz A vtz . Microsphere # % 5 4 3 #fic,
Microsphere DREBEDA > T B4 TV EH D
MUDEALT Y 7 ATREMLILEVZE D,
Microsphere MBERICH_RTET-oH—LER
ERoETs E0REETHE. Toed, A4
7 s HEEL L7: Microsphere % EERETRIIC X
Bz MEREHER TEBR O GMEEH (To) oE A
Bfrofe. ERRICHER LCENRENED
Fz B8 LT\~ 5 Microsphere »%, FD#HE DI
MEBEZIET IRICKELRELEZL DL ENT
I, Lih->TIhbOEHERLICHE
HEtEEFBRKTH]REGEL, ZOKGBRF O
Microsphere % (Tr) DEHlZ1TL, EICER
iz 5 X7 Microsphere & (T=To—Tr) #3K
. LDIPHEREL S nIc FREIRE
N— 7 TRAZE L. £ BT KBIIRICESE LR
BB 7 e — 7 b N ERMEST (HARXLE)
TOAHEREIE L. EOBEE LIS T —
FNENLT, EHBENO Microsphere % [:3H
CRPLT2~30HMUATEEICHRS L.
Microsphere # &4 % oD MY~ 7V DEE
Wicix, T CIREFTTERICBALT2HT —
FEAN LT, Truth GREEAR A-TI CTHELL
7o, ERER %{1%, Microsphere D #:5-BitAD 1
WEi» o R EE L, HERIBHEICHIz-»>T
30.6 m//min O—FEEE (Vt) THIEHERZT -
fe (BT =T NVOREIDZLDEED
Microsphere DOFET % MK ORI 9 F -
TH5). FRLcmE ($ 5ml) X EDTA Nay
(ZF Vo PTI VAR MY U L) 1.5mg i€
HLTMK 1ml OBETHTIAF v I Fa—7T
NTRA LK, ToR® 2.0ml %305 FEIT
(3000 rpm) # L7c. = 0tk, EwmiCESE 2
Fle7 A rv—4—CHHRT 2 EBEBRE
L, MEE®DZ 8-10ml o [k s R %E
(E-Z TRAC #)] THNR, EMEI0H R D=L
(3000 rpm) %17/ »1c. LEZBTLOBLILE
2 8-10m! OEFKEMZ o, K\ THUER
LAt 1T, 6o biFxkRELL.
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SRSt O DAL Vs~ ThE
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Microsphere $7 (T) i X W kX bR F 5.

Q=Txv/Cc e 1)
KB 5 L1z Microsphere »# (T) 1258
IZF & L7 Microsphere %1 (To) 726, #5#
FEE2 NI L7 Microsphere #¢ (Tr) m%£ X
DRDB. Thbb,

T=To—Tr  eeeees 2)
Ft, FHLL7: Microsphere »#&# (C) X
L7 Turk # 1 Xi&o Microsphere # (Cm) Xk
h C=Cmx10* L LTHE%E3.

B2 — K, V (ml/min) X108 i <
nicmiEE Vo(ml) L V=6xVo ¢ LT} & =&
3.

- TOHHE Q ik

Q=(To—Tr)x6xVo/Cmx10¢ - 3)
ZDXSICLTRkDZLMHENHEBEIC K
THEYHVELELTKRD 2ODTRESELE L bR
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1) #5-%% Microsphere # (T) B8#3 %
A.

Zo#EYF, T 2FRMLAVT, BARED 1.3
A4 7 vdh Microsphere EE % 2x108 {/ml &
EzrhicE S CFHE 1kg M 30x104 fEH & L
T T=30x10%Bw & LTLESBEBYCTH5B. &=
7L, Bw |3fFkHE.

2) £, 3OV EDOOBEDORLET HAREM
ELT, MBREMEECBEELLLDTHS.
Truth GREEASZEER L TRMLT\V52, &
HBIZE - TR, Bt 5 2F v 7 BOEHE
Fo8E, EBROEHEROY ) L4 —DIEHINE
2o TR Y EBEORMEFT —E T\ L s
5. TODITREMEE D 30.6 m//min @
—ERE (V) TIZIEMES MR TE e\ 3B
ERHBIETHB. TOIHIEFHEAREFRIMZ £ —
FIESER LB o o E 25 mic 22 U5
TRT3Z EicEpkwRrThiERsR2\. 2D
AEERLTEAMIC V=30.6m//mins LTL
FHTLTHB.
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B Qix kRXnLricks.

Q=ExV/C

=(30x10%xBwx30.6)/(Cmx10%)  ------ 4)
ABFFETIE3) R TRDZIEH2LPHEDE
L4) REv KRB LHEEDEZ HLER
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B, OB 72 & DN TEBUEBE I S 3 5 MBI R
HErkoi.
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oA E & OIS EE, 75 RN E DERRE
IR ER 2R Lc. EREURICE VT, K
W53) L£4) oA TRDICOMEEIBERITE
St fiE & AEE % 510. 749 £ 0. 728 TH v, #iEtFER
CHEELABEFMERBEEZR L (K2). LarLiay
5, ZOBEMGHBEGREOER S BIFRBEE3) K
TR DHBEER (:2=0.749) R VHEEERL
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IR RERENHB b T, AL LD
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nEEERSERCERIESL3) L4) RTHK
Hic O & & BRIR & T o B REX0. 761
L0.735CTH Y 3) ATHDRVHEREERLE (K
3). EHIHBHBICEIFEICIHEFIXI) &
4) Xo.OEEOHBIFRENIX0.709£0.681TH
D, ZofEb 3) RNTHE LSRG HBIRE
Pl (K4). 6 EHERICRERE S
BBAICE3) L 4) RTROOHALELS
DMEEAFREIX0.771 £0.781TH Y, ZDHBEIE3)
Rick~T4) KTRVHEBRB B (K
5).

z 2

AR TIX, Rk LABMAEOKRT O
iAW 5T 5 Colored Microsphere T:.023A
HEFHET S L ails, LEOKE, LEO
EERES, HE TR AEOE S X KEICTFS
Zlicky, BRIRESTHE LCOREELE £
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1 =
£ s00] Cardiae Qutput
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E
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o
g og @
E’ 2004 ma@ m best fit on logarithmic curve
E y= - 1136.5 + 611.32*LOG(x) R"2 = 0.709
0 T T T T 1
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K4 xEEE S @B foh X & BHRRIK
1000
Cardliae Qutput m
£ 8004 i
£
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2 400
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@
° oo a
£ 2004 - el best fit on exponential curve
T '
FBA . 150.67 * 10(8.9883e-4x) R"2 = 0.771
o T T T T 1
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b TEWHBRER S LER L. %K
BRiz 85 X hutc Microsphere D ¥, EREELIM
BRLYEMELTOMEEEZRD S EKY)T
B EERLIC.

Colored Microsphere k& H\- 5 Z izl » T
TR 5 G & o 1T KR T B O A BEREY) D AL
HOBEMI 2@ 5 & &L bic, REGYE S
I ENHKkB. £, FEBEMAYIC Colored
Microsphere #H\CHOAMEEZEIET S &
MAJBECH B Z L &m Lic. DIAHEDHEIE T
Bk L7z X 5 iz Colored Microsphere it o> il
FBEICHRTEHE DR ERE > TS, —F, K
BRI ORLELSICEbDTEMET, 61T
EERCEBEILETHY, ZORNPKRETHLDH
5. Lovl, CoEMES ZEEE UEERHERE
HTbh s EThE, BERRESEZHV5DLH
Hle OB E TS, S OIERIIC S &K
BWOMMREBZLBEST 5 ENAETHS.

Microsphere #H\WCLAHEZRD 52 Lid
kML N T3, Lundberg %7 | 3FEEN
BE L OBIRMBELE RO OIMEE & S
[F A7 73 THZ3# L7 Microsphere T3 704
HECRERERECRSVCCHLEFHBEOS 5 2
LETRLTWS., LaLEgrs, AP TIEH
600 m//min/kg Ll EX 5% 100 m//min/kg LA
ToEOHEHEREBICR G TIZEENKELI LS
EEARLC. ShBODHEEZBEH T ICH
-» C Fick o Jg B ic #& 25\ 7= Colored
Microsphere @ MENFHLERDOZ A 2 2 /&
LIZHMA = R ErBRLTW-5 L Bbh
5. EEUMAR BICER S RICBEICEEDNKEL
e BEREMEDH B 4) A TOMEBEREL 3) A
HRTRELA -t onfdizcRRLTV3 LR
bhs. £AKPIE CixHE5Hi o Colored
Microsphere DO¥ & & 5% DOEE S & IEFEICET
B4 5z Lk » CTEBIREST THIE LicOdal
BLoficEm HEBEE M EbhEZ L ER L.
Z D X 57 Colred Microsphere TUOIHEE &
T 2RAAIIBEE Ther .

F7, RRHCREOEBMKEDRIEICE LT
IZREKn & Microsphere #FIH L7c% < O BE
NHFEZI N TE T\ 5. Colored Microsphere #
#FHLCOMoMmKEZHE L7 Hale 5D 0o#f
#Tix, Colored Microsphere TiHITE L 72/ i

WMEE, BEERALIEHE TR L7- Microsphere
TRIE Lo O it 2 & FERSR420. 97 D AHBE % /R
T 2 %" L T\Ww5B. % o, Colored
Microsphere TillE L 7-ffkmmEix, —&aic
TSR T 3% 2 23 L 7= Microsphere CilllE
U 7c O I & i el L ¢, IEFREE T Col-
ored Microsphere TOIMKEH 8 RE % HD
MREZ T EEEMLCV 5. EmmEN
0~2m//min/g DK E D KR T, Colored
Microsphere T (it @it 8 %m\ fEiZ/x L, M
& E2EWICEN (2~7.5ml/min/g) ¥k
5 72354 ix, Colored Microsphere -Co fFjFFIfl
MET SRR 2 &% L 7= Microsphere
TRELMEL D $39%E\EE2RTZ L 2#E
LT3, 2Dz ik, Colored Microsphere T
BE LMk ERSRELERERE TEELK
ELRBILEERLTVE. AR TROBHE
D BIEN Colored Microsphere THEEMLE ) &
¥t L7c#s, Colored Microsphere To . &
FEBEREFT TROCOIEEELI V32 DOEE
7~ L7z, Hale 5V 28iE LclBmkENEE
ROBBEE—HTHIDOLHEINS.

EiRERECERERE CEENKELL DA
2B L Tix, %% Microsphere 12X » THE %
HEF38E, Bmz2r—F {1) X V} 0ER
NRELEEL T2 EBbhd. ThbbiiE
PMEWE &S5 L7z microsphere 7.0 ER
nHLERICH > TR Y, RE LARLRFANIC
1EfEIz Microsphere 2 ERERTZ 722\, F10, &
ERE TR MEPICTRE LT\ % Bh BALRERHE
Wy iy, HELT& % Microsphere #73
Diglied. BELICERMA '~ FHAEBTECTIE
1 microsphere #EREUT XA W AJBEMEE 2
b3, EECEREREIC SV Tk m =
v— FOBYREENILELBbhs. $EKE
DHHEDOMIERDEA F /i, HFMRFHER S
CIHRIMRA E— FOREFELTILE1HS5LEED
na.

: . )

Colored Microsphere TORIEIZEMIZ L 3
o TR ENHBETHD—T, TOUBEEER
BATH Z Ltk » T, BRREPKSMEDE
THE# X fvic Microsphere 7 ¥ ToOLPHED
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MEEELEALCLSCOHEHEEZRD D ENT
X, EBRIHEICIE L BIEEOZEIRNED 5 b
DEBbhd. LDMEROEEEN S O ICEEY
BI7eBige, £1o, BIEES A L ORELEIE O EH
iz Colored Microsphere DFIH et D & B
bhb.
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Pitfall of measurements of cardiac output used by colored microspheres

Michiko Kawamoto, Yoshikazu Matsuda, Toshishige Shibamoto,
Tetsuya Hayashi, Fumitoshi Sawano, Yuka Saeki,

Yoshihiro Yamaguchi, and Shozo Koyama

Department of Physiology, Division 2, Shinshu University School of Medicine,

Asahi, Matsumoto, Nagano 390, Japan

Evaluation of cardiac output is important to
understand cardiovascular responses on various
experimental protocols. Several methods to
measure cardiac output have been established;
magnetic flow meter, ultrasonic flow meter,
laser flow meter, thermodilution method,
radiolabeled microsphere and so on. However,
all of the methods have some difficulties to be
applied to experimental protocols. In this
study, we determined a capability of application
of colored microsphere method to measurement
of cardiac output, compared with magnetic flow
meter. We showed an acceptable result to
measure cardiac output by use of colored

microsphere. The correlation coefficient bet-
ween cardiac output measured by magnetic flow
meter and by colored microsphere was
statistically significant. However, when calcula-
tion of cardiac output was corrected by some
factors, correlation coefficient become improv-
ed. Thsre factors were sampling time, sampl-
ing volume, dead space of the tube, reevalua-
tion of numbers of microspheres before the in-
jection and determination of the numbers of
microspheres remained in the syringe. Data
seemed to best fit on an exponential curve
rather than linear, logarithmic and polynomial

curves.
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